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SUMMARY Paroxysmal hypertension after cardiac surgery is a phenomenon of physiological and
clinical significance. The possible preoperative and intraoperative factors that may predict its
occurrence were studied in 81 consecutive patients undergoing coronary artery surgery (n=58) or

valve replacement (n= 27), ofwhom 45 (56%) developed postoperative hypertension. Hypertension
occurred significandy more often in those patients who received beta adrenergic blocking agents

preoperatively and who underwent coronary artery surgery. Patients with hypertension had
significantly higher mean left ventricular ejection fractions preoperatively (52%) than those without
(41%) and required phentolamine significantly more often and isoprenaline significantly less often
intraoperatively.

It is suggested that the significance of preoperative beta adrenergic blockade, the type of
operation, and the intraoperative requirement for phentolamine in patients who developed post-
operative hypertension may indicate the role of enhanced sympathetic activity and disturbance of
cardiac receptors during surgery. Preoperative myocardial performance and the method of
myocardial protection during surgery are likely to influence the occurrence of the hypertensive
phenomenon.

Early postoperative hypertension complicating coro-
nary artery surgery is well recognised with a reported
incidence of 30600/. 1-3 The hypertensive episode
usually develops within an hour of cardiopulmonary
bypass, is well established by the time the patient
returns to the intensive care unit, and if untreated
persists despite adequate analgesia for 6-8 hours. The
associated hazards are considerable, including
increase in myocardial oxygen consumption, cere-
brovascular accidents, and the risk of suture line dis-
ruption. Haemodynamic studies show that hyperten-
sion after cardiopulmonary bypass is due to increased
systemic vascular resistance with practically unaltered
cardiac output,3 4 and that cardiac reflexes,5 the sym-
pathetic nervous system,3 the renin-angiotensin axis,6
and vasopressin7 may be implicated in this peripheral
vasoconstriction. The hypertension responds to vas-
odilator agents, but a fuller understanding of its cause
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may depend on identification of predisposing factors.
The purpose of this study was to determine whether
certain preoperative and intraoperative factors are

predictive of hypertension after cardiopulmonary
bypass.

Patients and methods

Eighty one consecutive patients (69 men and 12
women) scheduled for coronary artery surgery or
valve replacement were studied prospectively over a

three month period in 1983. Of these, 54 patients
underwent coronary artery surgery, 23 valve replace-
ment, and four both.
A past history of hypertension was noted, and cur-

rent medications including beta adrenergic blocking
agents and nifedipine were continued preoperatively.
These medications were given until 6-10 hours before
operation. In 39 patients the left ventricular ejection
fraction was determined preoperatively by radionuc-
lide gated acquisition scan.

SURGICAL PROCEDURE
All patients received diazepam (10 mg) two hours
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Table 1 Preoperauv dinical charactestics and imaoperatw variabks mpaems with and widtout hyertension after
cardipubwnaiy byss

witout

No of patients
Mean (SEM) age (yr)
Mean (SEM) ejection fraction (%)
No (%) of patients with:

History of hypertension
Beta blockade treatment
Nifedipine treatment

36
54 (2)
41 (3)

8 (22)
15 (42)
15 (42)

Mean (SEM) prime volume (1) 2-0 (0-1)
Mean (SEM) total bypass time (min) 95 (4)
Mean (SEM) cross clamp time (min) 48 (4)
Mean (SEM) % fall in packed cell volume* 27 (1)
Mean (SEM) no of grafts 2-7 (0-2)
No (%) of patients given:

Phentolamine 6 (17)
Isoprenaline 21 (58)
Metaraminol 4 (11)
Phenylephrine 3 (8)

With

Charactstcs
45
55 (2)
52 (3)

12 (27)
30 (67)
16(36)

Vaiables

2-2 (0-1)
95 (4)
54 (3)
27 (1)
2-5 (0.2)

20 (44)
9 (20)
4 (9)
8(18)

*Percentage fall in preoperative packed cell volume at onset of cardiopulmonary bypass.
tFisheres exact test (two tail) or Student's t test.

preoperatively with papavaretum (0-3 mg/kg) and
scopolamine (0*4 mg) as premedication. Anaesthetic
induction was with thiopentone (2-5 mg/kg),
papavaretum (0.3 mg/kg), and pancuronium (0-15
mg/kg). Subsequent anaesthesia was maintained with
50% nitrous oxide and oxygen, intravenous boluses of
papavaretum and lorazepam, or alphaxalone-
alphadolone acetate by infusion. Radial artery and
internal jugular catheters were inserted after induc-
tion of anaesthesia. During cardiopulmonary bypass
metaraminol (0X5-1 mg) or phenylephrine (0 2-1 mg)
were given if perfusion pressure was persistently
below 50 mm Hg at a pump flow of 2X4 1/min per M2.
Rises in systemic pressure in the latter phase of bypass
were controlled by intravenous boluses of phen-
tolamine (1-5 mg). After bypass isoprenaline was
given if systolic pressure fell below 80 mm Hg.
Two surgeons and one perfusionist were involved

throughout the study, and pulsatile cardiopulmonary
bypass was achieved in all cases with Stockert or

Gambro roller pumps and a Bentley SpiraFlo
oxygenator. The bypass pump was primed with a
measured volume of Hartmann's sodium lactate solu-
tion. Moderate systemic hypothermia (27-31°C) was

used with intermittent introduction of cold hyper-
kalaemic cardioplegia solution into the aortic root and
topical cold saline into the pericardial sac. Arterial
blood gases, electrolyte concentrations, and packed
cell volume were measured at hourly intervals. Table
1 gives the preoperative and intraoperative variables
recorded for analysis.

POSTOPERATIVE PROCEDURE
On transfer to the intensive care unit all patients were

ventilated to normocarbia. Regular arterial blood
sampling and continuous arterial and central venous

pressure monitoring were performed. Central venous

pressure was maintained with transfusion of blood or

plasma at a predetermined level assessed intraopera-
tively. A bolus dose of papavaretum (10 mg intraven-
ously) was given within 10 minutes of return to the
intensive care unit provided that systolic blood pres-

sue was >90 mm Hg. If systolic pressure was persis-
tently >140 mm Hg over the next 10 minutes sodium
nitroprusside was infused at an initial rate of 1 ,ug/kg/
min. The infusion rate of nitroprusside was adjusted
to maintain systolic pressure at 140mm Hg. The total
dose of nitroprusside given was recorded.

STATISTICAL ANALYSIS
Statistical analysis of data was performed using
Fisher's exact test (two tail) or Student's t test for
unpaired data. Data are expressed either as percen-
tages or as mean values (standard error of the mean).

Results

Of the 81 patients, 45 (56%) fulfilled the criteria for
hypotensive treatment according to the study pro-
tocol, with mean systolic and diastolic blood pressure
at 10 minutes after sedation of 158 (3) and 95 (2) mm
Hg. Hypertension was significantly more likely to
occur after coronary artery surgery than after valve
replacement (37/58 patients 10/27, p=0.05)
(Table 2).
An analysis of preoperative data showed no

significant difference between the postoperatively
hypertensive and normotensive patients with regard

p vauet

NS
<0.05

NS
=0.05
NS

NS
NS
NS
NS
NS

=0-05
=0-05
NS
NS
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Table 2 Characterisics relatng to de pelopme ofhyprtnsion incl ng mean dose requirement ofsodiunm niopnwsside after
cardiopurnonay bpass

Mean (SEM) blood presswe Patien uit Mean (SEM) Total dose of
(nmn Hg) postopeaive ejection fraction sodisen nisropusside

hypeuemion (%/1) (mig/kg)
S3mOiC Diastolic

No %

Patients with hypertension 158 (3) 95 (2)
Patients without hypertension 120 (3) 75 (2)
Type of surgery:
Coronary artery bypass graft 37 64* 47 (3) 1-56 (0-32)
Valve replacement 10 37* 44 (6) 2.67 (0-9)

Beta adrenergic blockade:
Present 1-59 (0.33)
Absent 2-34 (0-64)

Preoperative hypertension:
Present 2-43 (0-86)
Absent1065 (03)

*p= 0.05.

to age, history of hypertension, or nifedipine treat-
ment (Table 1). Preoperative beta adrenergic block-
ade, however, was associated with a significantly
higher incidence of hypertension after cardiopulmo-
nary bypass (p=0-05). The left ventricular ejection
fraction, assessed preoperatively in 39 patients by
gated acquisition scan, was significantly lower in those
who remained normotensive postoperatively (n= 19)
than in the 20 patients who developed hypertension
(p<0.05). The preoperative ejection fraction did not
differ significantly between patients undergoing coro-
nary artery surgery or valve replacement (Table 2).

Hypertensive and non-hypertensive groups were
compared for prime volume.-total bypass time, cross
clamp time, percentage fall in- packed cell volume at
the onset of cardiopulmonary bypass, and number of
coronary arteries grafted. No significant correlation
was observed for the development of hypertension
with any of thes-e ctors (Table 1). The-administra-
tion of phentolamiiie-during surgery was more com-
mon in patients who became hypertensive postopera-
tively (p=0.05), whereas isoprenaline was used more
frequently in patients who did not become hyperten-
sive (p<0.05). Other intraoperative treatments did
not differ between the two groups.

In the hypertensive group the total dose of sodium
nitroprusside required to control the hypertensive
episode tended to be larger in those patients who had
a past history of hypertension, who did not have
preoperative beta adrenergic blockade, and in those
who had undergone valve surgery (Table 2). These
observations, however, did not reach statistical
significance.

Discussion

The mechanisms of hypertension after cardiopulmo-
nary bypass have been inconclusively investigated.

Increased systemic vascular resistance with normal
cardiac output is characteristic of the haemodynamic
profile.4 8 9 It is known that certain cardiac reflexes,'0
the sympathoadrenal system, and the renin-
angiotensin axis can cause pronounced peripheral
vasoconstriction. In some studies of coronary artery
surgery, postoperative hypertension has been associ-
ated with the severity of coronary artery disease,3 8
normality of preoperative angiography,8 preoperative
beta adrenergic blockade,"I history of hypertension,3
and the number of vein grafts.8 The latter two factors
were not found to be of importance in this study. An
important finding was the lower incidence of hyper-
tension after valve surgery.

Patients who did not become hypertensive post-
operatively had a significantly lower ejection fraction
preoperatively than hypertensive patients (p<005).
Furthermore, the non-hypertensive patients had a
significantly greater requirement for isoprenaline after
cardiopulmonary bypass (p<0O05). In a study of 28
patients undergoing coronary artery surgery hyper-
tension was reported to occur more often in patients
with normal preoperative angiography.8 These
findings suggest that preoperative myocardial perfor-
mance is critical to the development of postoperative
hypertension, provided that myocardial protection
during surgery is adequate. A lower incidence of
hypertension in previous reportsl 3 12 may represent
either poorer preoperative myocardial performance or
poorer methods of myocardial protection. Moderate
systemic hypothermia with intermittent introduction
of cold cardioplegia preserves myocardial perfor-
mance,'3 affording better protection than either
hypothermic ischaemic arrest, intermittent anoxic
arrest, or single dose cardioplegia.
The difference in incidence of hypertension accord-

ing to the type of operation may be related to sym-
pathetic reflexes originating from the heart, great ves-

93



94

sels, or coronary arteries. Cardiac reflexes with spinal
sympathetic afferent input that are predominantly
pressor in nature have been identified.14 Efferent
sympathetic activity producing peripheral vaso-
constriction is further observed in the cardiogenic
hypertensive chemoreflex'° in response to stimulation
of chemoreceptors in the vicinity of the left coronary
artery. Surgical interference with the heart, great
vessels, and coronary arteries may stimulate the
reflexes, particularly during coronary artery surgery.

In favour of a reflex mechanism for hypertension
after cardiopulmonary bypass is the paroxysmal
nature of the hypertension and the temporal relation
of increasing systemic vascular resistance with cardiac
manipulation. Systemic vascular resistance increases
in parallel with rises in plasma noradrenaline concent-
ration during bypass9 and aortic cross clamping,'5
and both rise to a significantly greater extent in
patients who become hypertensive postoperatively.8
The major fraction of circulating noradrenaline is
derived from innervation of vascular smooth mus-
cle.16 In our study patients who became hypertensive
postoperatively required phentolamine, an alpha
adrenergic antagonist, significantly more often during
bypass (p=005), presumably because of increasing
systemic vascular resistance. A profound sympathetic
stimulus in the heart during bypass is further sug-
gested by the observation that coronary sinus blood
contains a higher concentration of noradrenaline that
arterial blood immediately after cardiac reperfusion.15
The sympathetic nervous system may be stimulated

by a variety of other influences in the perioperative
period including hypothermia,'7 hypotension, altera-
tions in the flow pattern,'8 and haemodilution.19
Haemodilution may reduce the depth of intravenous
anaesthesia on bypass and reduces blood viscosity.'9
Hypertensive and non-hypertensive patients cannot,
however, be differentiated on the basis of hypother-
mia within the small range of operating temperatures
in this study. Furthermore, the lack of correlation
with total bypass time, volume of prime, and fall in
packed cell volume mitigates against the putative con-
tribution of flow changes, hypotension, and
haemodilution in influencing systemic vascular resis-
tance.

Patients who received preoperative beta adrenergic
blockade were significantly more likely to develop
hypertension after cardiopulmonary bypass (p=005).
In the presence of persistent beta adrenergic block-
ade, adrenergic stimulation may result in unopposed
alpha adrenergic activity. The response of peripheral
vasodilatation mediated by beta adrenergic receptors
is blocked and peripheral vasoconstriction is likely.
After withdrawal of propranolol serum and tissue
concentrations take at least 48 hours to fall sufficiently
to allow a normal response to pharmacological beta
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adrenergic stimulation.20 In a study in which 14 of
15 patients receiving propranolol before coronary
artery surgery became hypertensive, a significant cor-
relation was found between postoperative serum
propranolol concentrations and dose requirement for
sodium nitroprusside."I In the present study, hyper-
tensive patients who received preoperative beta
adrenergic blockade tended to require a higher total
dose of nitroprusside, although the difference was not
significant.
The renin-angiotensin axis is activated by non-

pulsatile renal perfusion,22 but evidence for its activa-
tion during cardiopulmonary bypass is conffict-
ing.92324 Renin may initiate hypertension through
formation of angiotensin II, which is a potent pressor
agent, or it may potentiate the vasoconstrictor effect
of catecholamines in sustaining hypertension.25 Renin
secretion is known to occur in response to sympathe-
tic stimulation, mediated by beta adrenergic recep-
tors.26 Plasma renin activity is depressed during beta
adrenergic blockade and remains so for 12 hours after
withdrawal of the drug.27 Subsequent values for
plasma renin activity show a rebound rise persisting
for more than 72 hours in conjunction with a non-
significant rise in blood pressure.27 It is not surprising
that the role of the renin-angiotensin axis in hyperten-
sion after cardiopulmonary bypass hypertension is
confused and probably diminished in circumstances
of persistent beta adrenergic blockade.
A possible mechanism for hypertension after car-

diopulmonary bypass is that of disturbance of cardiac
receptors causing increased sympathetic nervous sys-
tem tone. This is more likely to result in increased
systemic vascular resistance in the presence of persis-
tent beta adrenergic blockade. Further study is
needed to identify critical surgical influences that
trigger cardiac reflexes. An analysis of preoperative
data indicates that myocardial performance is con-
tributory to the hypertension. An increased incidence
of the hypertensive phenomenon may represent
improved myocardial protection during cardiopulmo-
nary bypass.
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